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SUMMARY 

The hydraulic model studies discussed i n  this report were made 
t o  evaluate the flow conditions i n  the approach channel, the character- 
i s t i c s  of the flow over the spillway crest ,  the flow distr ibut ion i n  the 
t ransi t ion and tunnels, and the geometry of the flow leavlng the f l i p  
buckets. The resul t8 and recommendations contained herein are  based on 
t e s t s  conducted on a 1:'j'7.37 scale model of the spillyay, Figure 4. 

As a resu l t  of the model studies, the p r e l i m i m y  designs of 
the r ight  p ier  and the t rans i t ion  were modified t o  improve the flow 
distr ibut ion a t  the spillway entrance and i n  the tunnels. Also, the 
l i p s  of the f l i p  buckets were elevated and the  r ight  f l i p  bucket was 
moved fa r the r  downatream t o  be t te r  d is t r ibute  the flow i n  the r ive r  
channel. 

Flow i n  the approach channel was sat isfactory except i n  the 
vicini ty of t h e  l e f t  p ier  where a depression i n  the water su,-fece formed 
and created a flow disturbance near the p ier  nose, Figure 6A and C. 
Fourteen Oifferent designs of the l e f t  p ier  were tested, Figures 8, 9, 
and 10. Severel of the p ier  designs eliminated the flow disturbance and 
raised the depressed water surface at the pier ,  Table 1, but the design 
shown i n  Figure .10 gave the best hydraulic performance f o r  the l e a s t  
cost. The maximum depression of t,he water surface at the p ier  f o r  
maximum discbarge was reduced t o  3 meters and the flow disturbance at  
the pier was completely elixrlnated. Therefore, the design shown i n  
Figure 10 was  recommended f o r  cmstruct ion i n  the f i e ld .  Figures 11 and 
21A show the  approach conditions i n  the v ic in i ty  of the recormended l e f t  
p ier  f o r  discharges of 6,000 and 2,000 cms (212,000 and 71,000 cf s) . 

The flow dis t r ibut ion  i n  the t rans i t ion  inmediately downstream 
from the spillway cres t  was, i n  general, satisfactory, Figire 12. 
However, a t  the point where the t rans i t ion  joined the inclined tapering 



from the  tunnel walls and r i s e  along the sides of the t m e l .  A t  the 
maximum discharge of 6,000 cms, f i n s  of water crossed over the crown of 
the tapered tunnel. To eliminate these undesirable flow c&acteristics,  
the t ransi t ion was modified by using a long radius curve t o  replace the 
sharp intersection a t  the junction of the t rans i t ion  and tapered kmnel, 
Figure 13B. The modified t rans i t ion  improved the flow conditione i n  the 
tunnel, Figures l b ~ ,  15, and 21C. Very t h i n  f i n s  of water formed at the *- 
sides of the tunnel at near-maximum d i scbrges  but did not cross over 
the croWn of the tunnel. 

b 
The flow distr ibut ion i n  the ve r t i ca l  bend and horizontal 

tunnel was excellent at a l l  discharges, Figure l5B. 

Minor changes i n  the location and shape of the f l i p  buckets 
were made t o  improve the dis tr ibut ion of the j e t s  i n  the r ive r  channel. 
The l e f t  bucket was moved 25 meters downstream from i ts  preliminary 
location, Fi- 18, t o  d is t r ibute  the flow from the two tunnels longi- 
tudinally along the r ive r  channel. Also, the radius of both buckets was 
increased from 25 t o  36 meters and the bucket l i p s  raised 2 meters from 
elevation 142 t o  144 (apprdximately) t o  clear  the r ive r  water surface, 
t o  provide more l a t e r a l  spreading of the jets,  and t o  steepen the j e t  
t rajectories ,  Figures 18, 19, 20, and 21D. These change8 reduced the 
r iver  surface drawdown at the powerhouse from 7.5 t o  6.7 meters. 

Extensive model data f o r  the recommended spillway design were 
obtained t o  aid i n  operating the structure.  These data included 
discharge capacity curves, Figure 27; water surface profiles,  Figures 22 
a;ld 23; the r ive r  surface drawdown curve, Figure 17; and piezometric 
pressure8 on the spillway cres t  and i n  the t ransi t ion,  Figures 24 and 25. 

The model showed tha t  cer ta in  gate combinations were best  f o r  
releasing flows through the spillway. A11 four radial gates should be 
opened equal amounts.to obtain the best flow conditions i n  the tunnels, 
i n  the buckets, and i n  the r iver  channel. Satisfactory flow conditions 
occurred i n  the  tunnels and i n  the buckets when releases were made 
through one tunnel, or  with unequal flow i n  .both tunnels, provided the  
two gates controlling the flow t o  each tunnel were opened equal amounts. i 
Single gate operation produced poor flow conditions and should be 
avoided except i n  emergencies. 
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INrRODUc!rIOrO 
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Yanhee Dam site i s  located on the  main atem of the Ping River 
about 50 kilometers (31 miles) upstream from Tak i n  the northwestern 
part  of Thailand, and approximately 420 kilometers (260 miles) north of 







I n  general, the operation of t h e  preliminary design was 
satisfactory. However, it a e e ~ e d  desirable t o  make refinements i n  the 
spillway approach near the l e f t  p i e r  and i n  the t rans i t ions  downstream 
from the  spillway crest .  The reservoir topography and the spillway 
approach channel a re  such tha t  the flow approaches the spillway i n  
almost a d i rec t  l ine,  Figure 2. Emever, f o r  discharges near the 
maximum, &erne of the flow entered the spillway chmnel f romthe  l e f t  
along the upstream face of the' arch dm, and caused a flow dist~rrbance 
and depressed water surface a t  the l e f t  pier, Figure 6A and C. 

The flow conditions at the  r ight  p ier  were very good at a11 
discharges; the water surface between the p iers  i n  the r ight  tunnel 
was comparatively l eve l  and a s l ight  f low disturbance occurred at the 
r ight  p ier  only a t  the maximum discharge, F1gu.e 6A. 

I n  general, the flow distr ibut ion i n  the tunnel entrance 
t ransi t ions was satisfactory, Figure 12. Flow conditions were similar 
f o r  both tunnels and the water surfaces were comparatively level  at 
corresponding cross sections within the t ransi t ions.  The curvature of 
the water s'wface through each t rans i t ion  was approximately the  same as 
the curvature of the tunnel invert  indicating a uniform depth of flow. 
A t  the junction of the t rans i t ion  and the inclined tapered tunnel, 
however, the flow tended t o  separate from the -tunnel side walls and 
there was an appreciable drop i n  the water surface which, when viewed 
from the side of the tunnel, gave a "humpedtr appearance of the water 
surface entering the tapered section, Figure 12A. This humped water 
surface occurred only at  the sides of the tmne l ;  the water surface i n  
the center of the tunnel curved unifomly downward. Although t h e  two 
tunnels were identical,  the humped water surface was more pron~unced i n  
the l e f t  t u n e l  where f i n s  of water formed and crossed over the crown 
of the tapered tunnel at maximum discharge. The f i n s  of water Etlso 
were evident t o  a lesser  6egree i n  both tunnels f o r  the lower range of 
discharges, Figure 12B. 

The dis tr ibut ion of flow i n  the ve r t i ca l  bend and i n  the 
horizontal section of each tunnel was excellent, Figure 15 .  The radius 
of the ve r t i ca l  bend was ample as evidenced by the comparatively level  
water suzrface at any section i n  the bend and i n  the dow~stream tunnel. 

Excellent flow dis t r ibut ion  was a l so  evident i n  the f l i p  
buckets near the downstream portals  of the tunnels. On leaving the 
buckets, the Jete spread adequately, even t o  the extent of s t r ik ing  
the l /4: l  slope of the rock cut a t  the r ight  of the f l i p  buckets, 
Figure 16. The t r a j ec to r i e s  of the  j e t s  were comparatively flat, and 
a slow eddy which caused no objectionable flow problems formed i n  the 
r iver  channel on the l e f t  aide of the jets.  



'Right pier.  The flow distr ibut ion i n  the v ic in i ty  of the 
r ight  pier  was very good and only a small unobjectionable flow disturb- 
ance was observed on the r ight  side of the approach channel, Figure 6A. 
Therefore, no modifications t o  the r ight  p ier  were made. 

Le f t  pier. Because of the proximity of the arch dam at the . 
l e f t  of the spillway entrance, Figure 2, part  of the flow turned 
abruptly through an angle of about gOO t o  enter the s2illway crest  
section. The sharp tu rn  caused an undesirable flow disturbance at the i 
l e f t  pier,  Figure 6C. The unsightly f l o w  disturbance, in addition t o  
reducing the discharge coefficient of the sp i l lmy,  caused an uneven 
flow distr ibut ion i n  the le f t  spillway t rans i t ion  and tunnel. Explora- 
tory tes t ing  indicated tha t  a large curved pier  extending in to  the 
reservoir was  necessary t o  reduce the flow disturbance, Figure 7. 

Extensive testing, using 14 different  designs, was undertaken 
. t o  eliminate the flow disturbance at the l e f t  p ier  and improve the flow 

distr ibut ion i n  the tunnels. The f i r s t  f ive  designs, Designs B through 
F, Figure 8, were curved walls of various shapes 3nd lengths extending . 
in to  the reservoir. Iri general, the flow disturbance near the cres t  
was eliminated, but a smaller flow disturbance occurred a t  the  upstream 
end of the w a l l s  except Design B which was  e l l i p t i c a l  i n  general shape. 
This w a l l  produced good flow conditions and completely e l imina ted . tk  
flaw disturbance, Figure 7B. Testing was continued, however, t o  reduce 
the wall length and ref ine the design. 

W a l l  Designs G through 8, forming emaller e l l i p t i c a l  or 
parabolic piers, Figure 9, approximated the shape of Design B. Each 
of these designs eliminated the flow disturbance and were evaluated 
by measuring the amount of the water surface depression along the 
inside face of the pier.  The depression w a s  measured as the maximum 
ver t ica l  distance i n  meters between the reservoir surface and the 
depressed water surface along the face of the  p ier  f o r  the  maximum 
discharge of 6,000 cms. 

The maxirmrm depression f o r  Designs G, H, J, arnd K was 6.1, i 5.3, 5.0,. and 4.5 meters, respectively. -The depression measured with 
the e l l i p t i c a l  shapes of Designs G snd H were $ l ight ly  larger  than 
the parabolic shapes of Designs J and K. To further  reduce the s ize t 
of the l e f t  p ier  and a l lev ia te  the  depressed water surface, p ier  
shapes having e l l f p t i c a l  or parabolic inside faces and small circules  
arcs  on the outside faces were tested, Designs L, M, and N, Figure 9. 



depression t o  3.6 and 3.8 meters, respectively. Design L, which had a 
3-meter circrAar arc on the outside face, gave a f a i r l y  good flow 
pattern with no flow disturbance along the pier  face. The 1 - d t e r  
circular arc  on Design M was insufficient t o  provide smooth flow 
around the pier nose and a s l ight  flow disturbance was obeerved at the 
pier  nose. 

From the above t es t s ,  it appeared t h a t  an intermediate 
circular arc would provide suff icient  curvature a t  the pier  nose and 
tha t  a parabolic inside face would be less blunt ernd provide a more 
gradual change i n  direction than the e l l i p t i c a l  shaped piers.  Therefore, 
Design H included a 2-meter circula,r arc and a parabolic curve joining 
the circular azc with the training w a l l ,  Figure 9. The flow pattern 
along the face of Pier  Design I was very good; however, there  was s 
small flow disturbance at the break i n  curvature where the parabolic 
curve Joined the training wall. 

I n  the recommended pier  design, the break i n  curvature was 
eli~il-inated by placing a 10-meter radius circular arc tangent t o  the 
parabolic curve and the t raining w a l l ,  Figme 10. The flow was smooth 
and ap~emed t o  accelerate uniformly with no flow disturbances along 
the face of the pier, Figure 11C. The maximum depression was 3.0 
meters a d  occurred w e l l  upstream from the spillway crest.  A summary 
of the l e f t  pier atudies i s  given in Table 1. 

Although the recommended pier  improved the flow distribution 
i n  the tunnel transitions, the flow s t i l l  tended t o  climb the sides of 
the tunnels. Thus, the  undesirable flow distr ibution i n  the t ransi t ions 
was not ent i re ly  due t o  the poor approach conditions observed at the 
l e f t  pier  during the preliminary studies. It was decided tha t  modifi- 
cation of the t ransi t ions would be required t o  improve the flow 
'distribution i n  the tunnels. 

Transition Studies 

The humped water surface and the tendency f o r  the flow t o  
separate at the junction of the t ransi t ion and the circular  tunnel 
noted f o r  near-maximum flows during the pier  studies, Figure 1 2 4  were 
also obse~ved. a% intermediate discharges both fo r  f ree  flow and par t i a l  
gate openings, Flgwe 1233. The tendency fo r  flow separation and the 
"humpingr' of the water surface were reduced slightly by ins ta l l ing  the 
recommended l e f t  pier.  That the'adverse flow conditions i n  the 
t ransi t ion were a resul t  of the t ransi t ion shape and not primarily due 
t o  the poor approach conditiocs i n  the vicini ty of the l e f t  p ier  was 
demonstrated by placing a long wall, projecting about one hundred meters 
in to  the reservoir, along the l e f t  side of the spillway approach. 
Although the lengthy w a l l  provided ideal  approach conditions, it did 
not eliminate the adverse flow distribution i n  the transitions. 



indicated a possible sol&on t o  the probiem. The bo&dari fo-d by 
the sides of the t ransi t ion had an abrupt change i n  alinement where 
the t ransi t ion joined the circular tunnel, Figure 13A. It appeared 
tha t  replacing the abrupt change i n  alinement i n  the boundary with a 
smooth curve would cause the flow t o  follow the boundary and reduce 
or eliminate the humped :water surface. The t ransi t ions -were modified 
by using a circular arc, with a radius of 164 meters, t o  form a 
smooth curve at the sides where the t ransi t ions joinedthe tapered 
tunnels, Figure 13B. 

The flow conditions i n  the modified transi t ions were 
improved. IVo tendency fo r  the flow t o  eeparate from the tunnel side 
w a l l s  was observed, and the humped water surface was only s l ight ly  
evident a t  meximum discharge, Figure 1 4 ~ .  Very th in  f ins  of water 
formed a t  the sides and rose toward the crowns of the tunnels. The 
f i n s  of water had l i t t l e  thickness and did not cross over the crowns 
of' the tunnels so were not considered objectional. 

Other minor modifications t o  the spillway approach and piers  
were studied i n  an attempt t o  further improve the f lov  conditions i n  
the "Yransition, but none of these modifications reduced the height of 
the f ins .  One modification reduced the length of the piers  which 
extended downstream in to  the tunnel transitions. Figure 1 4 ~  shows 
the flow conditions i n  the t ransi t ion with the center pier i n  the l e f t  
tunnel shortened about 2 meters at the tunnel invert. This change 
caused the f ins  of water t o  r i s e  higher on the  sides of the  tunnel and 
created an additional f i n  i n  the center of the tunnel downstream from 
the pier. Therefore, the shortened pier  was not considered acceptable 
and the center piers  shown i n  the preliminary design were proposed f o r  
the prototype. 

It became apparent that major changes i n  the t ransi t ion 
shape, such as increasing the t ransi t ion length, would be necessary t o  
completely eliminate the f ins  at the sides of the tunnele. Because the 
f ins  of water did not cross over the crown of the tunnel at any 
discharge, and because they became smaller i n  height as the discharge 
decreased, the modified transi t ion design shown i n  Figure 13B was 
considered adequate and was recoinmended fo r  construction. 

Flow i n  Tunnels 

The flow distribution i n  the tunnels downstream from the 
, trclnsitions was excellent f o r  a l l  discharges, a s  evidenced by the 

compt?.xatively level water surface at  any croas section in the ver t ica l  
bends and i n  the horizontal tunnels, Figure 15. Therefore, no changes 
were deemed necessary i n  these portions of the  spillway. 

8 
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The dis tr ibut ion of flow i n  the prelimin8ry f l i p  bucketa was 
excellent as shown by the uniform thickness of the j e t s  leaving the 
buckets, Figure 1 6 ~  and C. 'The j e t s  on leaving the f l i p  buckets 
appeared t o  spread adequately, and there was no sbjectionable in ter fer -  
ence between the two j e t s  which joined near the high point of the 
t ra jec tor ies .  However, the edge of the r ight  j e t  struck the 1/4:1 
slope of the  excavated channei and could not continue t o  spread 
la tera l ly .  Also, an unstable flow condition occurred a t  intermediate . 
discharges. The water surface i n  the r iver  was higher than the bucket 
l i p s  and the excavated channels downstream were a l te rna te ly  f i l l e d  
with water and swept out i n  ahythmic motion. The t radectories  of the 
je ts  were comparatively f l a t  and cauaed e. considerable lowering of the 
water surface i n  the t a i l r ace  of the  powerhouse. A t  the maximum 
discharge of 6,000 cms, the drawd~wn was 7.5 meters (24.5 f e e t ) ,  
Figure 17. I n  th ie  study Cirawdown is  defined as the difference i n  
elevation between the water surface at the powerhouse t a i l r a c e  and i n  
the r ive r  channel about 500 meters downstream fram the f l i p  buckets. 

To prevent the r ight  jet from s t r ik ing  the 1/4:1 slope of 
the excavated channel, the r igh t  bucket was moved 25 meters downstre,m 
from i ts  preliminary location, Design A, Figure 18. This change 
permitted the r ight  jet t o  spread l a t e r a l l y  and s t r ike  a wider portion 
of the r i v e r  channel. It also separated the areas of impact of the 
two j e t s  and spread the spillway flow over s longer reach of the r iver .  
The drawdawn of 7.2,meters at maximum discharge was only s l igh t ly  l e s s  
than the 7.5 meters observed with the preliminary design, Figure 17. 

It was desirable t o  reduce this drawdown i n  the  powerhouse 
t a i l r ace  a d  t h i s  could be done by steepening the t r a j ec to r i e s  of the 
jets.  The radius for the buckets was therefore increased from 25 t o  
36 meters and the bucket l i h s  were raised from eleva.tion 142 t o  144, 
Figures 18 and 19. This change raised the bucket l i p s  above the water 
surface i n  the river channel and eliminated the unstable flow condi- 
t ions observe6 with the preliminary buckets. The j e t  t r a j ec to r i e s  
were s l i g h t l y  steeyer and the drawdown w a s  reduced t o  6.7 meters, 
recommended design, Figure 17. Also, the l a t e r a l  spread of the jete  
was greater than the spread observed i n  the presmtnary design, 
Figure 20. m e r e  we= no objectionable return eddies along the sides 
of t h e  river channel. 

TBE RECOMMENDED SPILLWAY 

The recommended spillway, including the final l e f t  p i e r  
design, Figure 10, the modified t ransi t ion,  Figure 13, and the 
modified flip bucket, F,gure 19, is shown i n  Figure 3. The o p r a t i o n  

. oftherecoxmm?ndedspillwayat dischargesof 2 ,000and6,000cmsis  
shown ,in Figures 11, 15, 20, and 21. 



spillway t o  predict the performance of the prototype s tructure and t o  
determine the best  operating procedures. 

Water Surface Profi les  

Profi les  of the water surface at each of the f i v e  p iers  and 
i n  the l e f t  spillway tunnel. were obtained f o r  t o t a l  discharges of i 

2,000.and 6,000 crns through both tunnels, Figure 22. The water surface 
profi les  show the amount the water surface was depressed at the p ie r s  
and the uniform distr ibut ion of flow i n  the  tunnels. Figure 23 shows A: 
the geometry of the spillway flow downstream from the f l i p  buckets. 

Pressure Measurements I 

Piezometers were ins t a l l ed  i n  c r i t i c a l  regions of the  
spillway cres t  and i n  the l e f t  tunnel t rans i t ion  t o  make cer ta in  that 
the shapes of the cres t  and t r s n s i t i o n  were hydraulically sat isfsctory.  
Pressures were observed f o r  f ree  flow a t  discharges of 2,000 and 6,000 
cms with equal flow i n  both tunnels, Figure 24, and f o r  p a r t i a l  gate 
openings of 2, 4, 8, and 12 meters with the  reservoir surface at 
maximum elevation, Figure 25. 

For f r ee  flow, the pressures on the  spillway c res t  and on 
the inver t  of .the t rans i t ion  were above atmospheric f o r  discharges of 
2,000 and 6,000 crns. The lowest pressure observed on the spillway 
crest  w a s  1.8 meters below atmospheric at Piezometer 8 f o r  a. 4-meter 
gate opening, Figure 25. Subatmospheric pressures of about 0.7 meter 
were a l s o  observed a t  Piezomter 8 f o r  2- and 8-meter gate apenings. 
The pressures along the base of the l e f t  t ra ining w a l l  (~iezomcters  
17-20) were above atmospheric except f o r  the  2-meter gate opening when 
pressures ranging from 0.3 t o  0.5 neter  below atmospheric were observed. 

The lowest obeerved pressure on the t rans i t ion  invert  
occurred at Piezometer 40 near the  downstream end of the  t r ans i t ion  
and was 0.6 meter above atmospheric at the maximum discharge of 
6,000 cma, Figure 24. However, subatmospheric pressures were observed 
st Piezometers 27 and 28 on the  left side of the t ransi t ion,  and at 
~iezomefer  34 i n  the corner formed by the invert  and l e f t  side of the I 

t ransi t ion,  Figure 24. The lowest observed pressure was 2.8 meters 
below atmospheric at PiezomeL,er 28. luthough the pressure at T 

Piezometer 28 i s  comparatively low, it is well above the  cavitation 
range. None of the subatmo~pheric pressures were considered c r i t i c a l .  



To help evaluate the hydraulic performance of the  preltminary 
and recommended spillway design, erosion t e s t s  were made with each 
design a t  the  maximum discharge of 6,000 cms, Figure 26. I n  each case, 
the model was operated fo r  a time period of 1 4 2  houra, which was 
equal t o  about 13 hours-of prototype operation. A d i r ec t  comparison 
between the two designs cannot be made because the sand l eve l  in  the 
r iver  channel was at elevation 136 meters before the preliminary design 
t e s t ,  and at elevation 128 before the recomaended deeign t e s t .  However, 
the eroded area upstream from the f l i p  buckets i s  considerably smaller 
f o r  the recommended design. A large, shallow scour pocket formed 
downstream from the f l i p  buckets near the r igh t  riverbank when the 
recommended design was ins ta l led  indicating a better lateral spreading 
of the jets from the buckets. 

It should be noted that the model erosion t e s t s  are only I 

qualitative.  They predict only where erosion might occur and not the 
eroeion depth which might be expected i n  the prototype. 

Spillway Calibration 

S_~illway ra t ing  curvcs ehowing the re la t ion  of reservoir 
elevation and discharge f o r  f r e e  flow and p a r t i a l  gate openings were 
determined from ,model data, Figure 27. The curves f o r  f r e e  flow and 
f o r  gate openings of 2-meter increments were determined by calibration 
t e s t s ,  while the intermediate gate openings were determined by 
interpolation and spot-check cal ibrat ion t e s t s .  The gate opening was 
llheasured as the difference i n  elevation between the spillway cres t  and 
the  bottom of the gate. 

The spillway coefficient curve f o r  free flow was plotted 
against reservoir levation, Figure 27. "C" was computed from the 7 equation, Q = C L H ~  2, f o r  both metric and .English systems. I n  this 
equation Q i s  the discharge i n  cms o r  cfs,  C is the coefficient of 
discharge, L i s  the length of' c res t  between piers i n  meters or fee t ,  
and H i s  t h e  head above the c r e s t  i n  meters or  f ee t .  A coefficient C, 
of 1.98 (metric) and 3.44 ( ~ n g l i e h )  occurred at the maximum reservoir 
elevation 260.5. 

Gate Operating Procedure 

Th? model t e s t s  showed tha t  the bes t  flot? dis tr ibut ion 
occurred i n  the r f v e r  channel when the spillway flow was relessed 
through both tunnels with all gates opened equal amounts, Figures 20B 
and 21B. The flow spread over about two ..thirds of the r ive r  channel, 
and side eddies were a t  a minimum, Likewise, good Plow distr ibut ion 
occurred i n  the r i v e r  channel when discharges l e s s  ';ban 3,000 cms were 















A. Placing topography in tail box. 

B. The completed model. 

YANHEE DAM SPILLWAY 
The 1 9'7.37 Scale. Model 

Figure 5 
leport Hyd-428 



Figure 6 
Report Hyd-428 

A. Flow entering spillway. 

B. Preliminary left  pier.  C. Flow disturbance at lef t  pier.  

YANHEE DAM SPILLWAY 
Flow Conditions for Preliminary Pier  

Maximum Discharge = 6000 CMS 
1:4"7.37 Scale Model 

















A. Recommended transition in left tunnel 
and preliminary transition in right 
tunnel. Note absence of fin of water 
in right tunnel. 

B. Center pier in left tunnel shortened 2 
meters. Mote increase in height of 
fin. 

YANHEE D A ~  SPJLLWAY 
Flow Conditiona in Tunnel- Entrance Transitions 

Maximum Discharge = 6000' CMS 
1 :77.37 Scale Model 



A. Flow through tunnels. Recommended 
transition in left tunnel and preliminary 
transitioi~ in right tunnel. ,,_ 

B. Flow in vertical-bend. 

YANHEEiDAM SPILLWAY 
Flow Conditions Through Tunnels and Vertical Bend 
Maximum Discharge = 6000 CMS Recoqmended Design 

1 :77.37 Scale Model 



1 r . ,  Report Hyd-428 

* 

A. Preliminary flip buckets: 

B. Flow leaving buckets. 

C. Note right jet striking 114:l dope. 

YANWEE DAM SPILLWAY 
Flow Conditions for Preliminary Flip Buckets 

Maximum Discharge 6000 CMS . 
1:77.37 Scale Model ' 





















A. Preliminary bucket design. Sand 
+ elevation.befom teat was 136 m. 

, . 

YANHEE DAMP SPILLWAY 
Erosion of ,Riverbed 







A. Extreme right gate I ;  . '33. ,Second from right 
open - other gates L+ ,gate open - other 
cloeed . :gates closed.. 

..I- 

YANHEE .DANI:S~~JLWAY * .. 
Distribution of Flow ,With One -Gate:Open 

;Recommended <Design. ?Discharge = ,1500 CMS 


